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Cement, Concrete and Aggregate
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Cement Kilns Drive Energy Use

U.S. Cement Industry

Uses ~0.450 Quads of
Energy Annually

Finish Milling, 4%

Raw Material Mixing, 6%
Kiln Fuels, 74%

Transport, 11%

Raw Materials, 5%

af; a .@ Marland, Gregg, et al. "Global, regional, and national fossil fuel CO, emissions." Trends: A Compendium of Data on Global Change (2007):
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ASCE 2017 Infrastructure Report Card: D+

Concrete Spans All These Application Sectors:*

Includes the critical highways, bridges, commuter rail, and transit systems

: : s Airpo All Sectors
Investment Needs —

2016 through 2025 $2,042 $150 $934 $157 $37 $3,320

N~ N
2.9 Quads 4.8 Quads

* In Billions of dollars
_ 1 D j d . @ ASCE. 2017 Infrastructure Report Card. American Society of Civil Engineers. Available Online: https://www.infrastructurereportcard.org/
‘ ' [ -/ PCA. “2015 U.S. Cement Industry Annual Yearbook.” Portland Cement Association (2015). Available online:
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Aesthetic ‘Stone’ Structures
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Construction started

September 18, 1793

Original Completed

1800

Current Form Constructed

1855 - 1866

— MMMMMMI—-MH‘H -

Ol L ll mmnn




Aesthetic Durable Structures

Pantheon Construction: 113-125 AD
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Aesthetic Durable Structures

Construction started September 18, 1793
Original Completed 1800

Pantheon Construction; 113-125 AD
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Roman Concrete Composition
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Conglomeratic wall concrete volcanic ash —
hydrated lime mortar

Built: 100-110 AD Inaugurated: 113 AD
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Roman Concrete Microstructure

Cementitious Hydrates
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dﬁﬁd.. Marie D. Jackson, Sean R. Mulcahy, Heng Chen, Yao Li, Qinfei Li, Piergiulio Cappelletti,

Hans-Rudolf Wenk American Mineralogist (2017) 102 (7): 1435-1450.
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Modern Concrete Micro-cracking

¥ Micro-Cracks &
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Durability: Composition Challenge

1. Abiotic Compositional Approach

I. Accelerate Novel “in-situ” Materials/Mineral Generation
Found in Roman Concretes to Mitigate Micro-cracking:

. A Stratlingite
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Durability: Process Challenge

2. Process Approaches

I. Kiln Process Integration, Simplification, and Hybrid Feedstocks:

Preheater/Precalciner

tower
Rotary Kiln
T Dry, Preheater-
I Precalciner Kiln
.2 = ~50m
=F7 [} [ |
ez~ ' [
Preheater : I' | Dry, Preheater Kiln
tower I | Y,
1 L ~90m
- . - [ I
- " [
= - |
: : : Long Dry Kiln
| 'l |I- =130 m
. - - - F “ i i
- - - " : :
: : : : Wet Kiln
| 1 1 I ~200 m
. # Fi L
- # ;’ ’} A
N . 7 ! .r‘l \‘\ T -
# . ’ ’ -
.’ Drying .” Preheat - Calcining ) Sintering or "\ Cooling ~
Zone - © Zone ,- Zone J Burning Zone ‘. Zone *n
LT Fl o K * % . -
= - # ’ ‘ . .
- - # d \ w

Raw ——»

Materials | 20°C-200°C | 200°C-750°C 750°C-1000°C 1200°C - 1450°C 1450°C-1300°C Fuel
Drive off Heating CaCOy —» Ca0 + COy | Ca0 + Si0, + AlLO4 + Fe,0y —= C35 + C,5 + CyA + CLAF Bumner
Water - [ . - L J

c S A F Clinker
Upper, “cool” end & . ” P - Lower, “hot” end I_. Clinker
Belite Zone Alite Zone Cooler

QI |3\.i°'

CHANGING WHAT'S P O‘“IB E

Van Oss, Hendrik G. Background facts and issues concerning cement and cement data. 2005.



Durability: Biogenic Challenge

3. Biomediated/Biogenic component or ‘Self-healing’ Approach

I. Bio-deposition and Accretion

Discovered biomediated processes produce authigenic* phillipsite and

Al-tobermorite mineral cements in 15 year old basaltic tuff.
*authigenic — minerals formed in their present position

2V ala W) Marie D. Jackson, Sean R. Mulcahy, Heng Chen, Yao Li, Qinfei Li, Piergiulio Cappelletti,
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THANK YOU!

joseph.king@hqg.doe.gov
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